We analyzed the pre-C and core region of hepatitis B virus (HBV) DNA by a polymerase chain reaction in 22 chronic carriers. In 9 hepatitis B e antigen-positive asymptomatic carriers, a single DNA band was detected at the expected size, whereas additional shorter DNA bands were observed in 7 out of 11 patients with chronic hepatitis. The smaller-sized DNAs from one chronic hepatitis patient had various lengths of deletions spanning from 105 to 183 bp in the middle of the core gene, and all deletions included common nucleotide sequences. All of the smaller-sized DNAs from the other patients proved to be variant core genes. They were deleted in similar regions by Southern analysis using oligonucleotide probes. A follow-up study revealed that four out of seven chronic hepatitis patients with a short core gene seroconverted to antibody to hepatitis B e antigen, but those with only a "wild type" did not. In another set of sequence studies, clones isolated from two chronic carriers displayed heterogeneity of the pre-C and core gene which was more often present in sera with normal alanine aminotransferase levels than with abnormal levels. These results suggest that mutant HBV alters the host immune response, and may modulate the clinical course of HBV infection. An alternative possibility is that chronic hepatitis selects for mutant forms. (J.
Introduction
During chronic hepatitis B virus (HBV)' infection, some patients remain asymptomatic, whereas others exhibit active and This study was presented in part at the 41st Annual Meeting of the American Association for the Study of Liver Diseases on 5 November 1990 in Chicago, IL, and was published in abstract form (1990. Hepatology (Baltimore). 12:886).
1. Abbreviations used in this paper: ALT, alanine aminotransferase; anti-HBe, antibody to hepatitis B e antigen; ASC, asymptomatic carriers of hepatitis B virus; CH, chronic hepatitis; CTL, cytotoxic T lymphocyte(s); DNA-P, DNA-polymerase; HBcAg, HBeAg, and HBsAg, hepatitis B core, e, and surface antigens, respectively; HBV, hepatitis B virus; PCR, polymerase chain reaction.
progressive hepatitis. Alternatively, hepatitis may subside in patients who show seroconversion from hepatitis B e antigen (HBeAg) to antibody to HBeAg (anti-HBe). The host immune response to HBV antigens is believed to play an important role in the pathogenesis of the disease (1) . However, it is not clear why the clinical courses are so diverse in each patient. Recent studies utilizing the polymerase chain reaction (PCR) have identified a new HBV strain with mutant DNAs in the pre-C/C region in chronic HBV carriers who seroconverted to anti-HBe (2, 3) . It was found that a point mutation at the nucleotide position 1896 generates a novel stop codon at the carboxyl-terminal end ofthe pre-C region, thus making HBeAg production impossible. This defective pre-C variant may be associated with active hepatitis even in the presence of anti-HBe (4) .
These reports suggest the possibility of a mutation of viral genome influencing the clinical course of HBV infection. In the present study, using PCR, we amplified the HBV DNA core region (C-gene) coding hepatitis B core antigen (HBcAg) , which is thought to be a major target for cytotoxic T lymphocytes (CTL) (5) in chronic carriers. Amplified DNAs were identified by Southern blot hybridization with two different Cgene-specific oligonucleotide probes and were subsequently subcloned for sequence analysis. We describe a long span of deletions in the middle of the C-gene, detected in a majority of chronic hepatitis (CH) patients but not in asymptomatic carriers of HBV (ASC). Variations ofthe pre-C and C-gene in two chronic HBV carriers during their clinical course will also be shown.
Methods
Patients. 22 chronic HBV carriers were enrolled in this study. All patients were tested for hepatitis B surface antigen (HBsAg), HBeAg, and anti-HBe using-commercially available RIA kits (Abbott Laboratories, N. Chicago, IL). HBV-associated DNA polymerase (DNA-P) activity was assayed by determining [3H]thymidine incorporation (Tables I and  II) . Group A consisted of nine ASC positive for HBeAg. Patients were included in the study on the condition that clinical status and liver function tests were normal in repeated examinations over a 2-to 5-yr period. At the initiation of this study, all patients except case Al were positive for DNA-P (Table I) . Group B consisted of 11 HBeAg-positive patients with CH. Histological diagnosis was ofchronic active hepatitis, and they had elevated serum ALT levels for at least 1 yr. Over a 3-yr follow-up interim, seven patients (B 14-20) continually tested positive for HBeAg, and the remaining four (B10-13) seroconverted to antiHBe in 1.5 yr. Group C consisted of two HBeAg-positive patients who had normal serum alanine aminotransferase (ALT) levels for > 1 yr followed by undulation ofliver function tests. Liver biopsy taken at the time of continuing elevated ALT levels revealed a histology consistent with chronic active hepatitis. Sera from group C patients were obtained at two points, when ALT levels were normal and abnormal (Table II) 
Results
The sensitivity of PCR was determined with a serial dilution of cloned HBV DNA; the lower limit of detection of HBV DNA (a) BlO 11 was 10-2 pg using the ethidium bromide staining method (data not shown). In all sera derived from eight ASC ofgroup A, a single DNA band was visible at the expected size (-747 bp) on the ethidium-bromide-stained agarose gel (A 1-8, Fig. 1 a) Fig. 2 a) , additional short DNA bands (-500-700 bp) were observed. During follow-up studies, four out of seven group B patients with additional short DNA bands seroconverted to anti-HBe positive, whereas the three with only a 747-bp DNA "wild-type" band did not. 
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By cloning analysis of amplified DNA obtained from patient BlO, six independent clones were isolated and characterized (Fig. 3) . Among them, one pHBC601 clone had complete pre-C and core region gene of HBV. The other five had the same sequences at both the 5' and 3' ends as pHBC601, but more notably, sizes were shorter than pHBC601. Deletions of various sizes (105-183 bp) in the middle of the C-gene were obtained. Clone pHBC607 had the shortest deletion (105 bp, 2150-2254), and we found it commonly deleted in the four other clones as well. Since the sizes of the deletions were in multiples of three, none caused frameshift alterations, and these "in-frame" deletion variants could be translated through to the end of the C-gene.
Southern blot hybridization analysis using oligonucleotide probes HBC-9 for the common deletion probe, and HBC-7 for the conserved region probe, demonstrated that all -747 bp DNA bands hybridized with both HBC-7 and HBC-9. In contrast, the short DNA bands hybridized with HBC-7, but not with HBC-9 ( Figs. 1 and 2) . These results suggest that all short DNA bands were mutant core region genes similar to those observed in patient B1O.
To evaluate if variations of nucleotide sequence in HBV DNA may induce alteration of the clinical status, we selected two chronic HBV carriers who had normal liver function and subsequent elevation of serum ALT levels.
In patient C1, four independent clones (pHBC1O2, 103, 106, and 1111) were obtained from serum with normal ALT levels, and two clones (pHBC210 and 2221) with abnormal ALT (Table II) with abnormal ALT, pHBC2221 had sequences identical to pHBC102. Between 1825 and 1826, pHBC2lO had a 2-bp insertion (TT) which induced a frameshift and stop codon in the pre-C region. Although the pre-C region was defective in pHBC210, its C-gene was completely conserved.
In patient C2, five clones (pHBC307, 309, 3310, 3314, and 3319) from serum with normal ALT levels and two clones (pHBC415 and 4402) with abnormal ALT levels were isolated (Table II, Figs. 4 and 6) . A long span of nucleotide deletion (149 and 269 bp) was found in the midsequence for pHBC307 and 3314. The deletion of pHBC307 caused a frameshift. Between 1921 and 1922, pHBC3314 had a l-bp insertion (A). This insertion also caused a frameshift resulting in the termination of translation before deletion. Compared with pHBC309, pHBC3310 had only one point mutation C to T at 2242. This mutation was silent and commonly observed with pHBC3319, 415, and 4402 as well. Compared with pHBC309, pHBC3319 had six point mutations. Although the mutation at 2242 was silent, the other five mutations were accompanied by changes in amino acid sequences (Fig. 6) . Although showing 10 point mutations, pHBC415 had complete pre-C and C-gene. In the pre-C region, pHBC4402 had one thymidine deletion between 1821 and 1825 which caused a frameshift and termination of translation. Nine mutations occurred in pHBC4402 out of which amino acids changed sequence in six.
Complete pre-C and core genes were found in pHBC102 and 2221. Similar nucleotide sequences were also found in patient C1. However, identical clones were not found in the two different sera taken from patient C2 during the clinical course. The defect of the pre-C region, which cannot produce HBeAg, was observed in the sera from both patients with elevations of ALT.
Discussion
Recent studies in HBV infection have utilized the PCR technique (7, 8 
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samples. Therefore, special care was taken to avoid the known pitfalls of PCR (9). To ensure accuracy, different sera obtained separately from the same patients were tested, and results were repeatedly confirmed. In this study, we amplified entire pre-C and core gene coding HBcAg and HBeAg. We obtained only the expected size of the C-gene from ASC, whereas the short C-genes were detected as well from > 60% of the patients with HBeAg-positive CH. By clonal analysis, short DNAs were shown to be mutant C-genes with a long span of deletions including nucleotides 2150-2254. These deletions may be a common molecular feature of CH patients with short DNA bands. This was demonstrated by the Southern blot analysis using an oligonucleotide probe common for the deletion site. The core gene depends on some cis-acting control signal sequences and overlaps with other open reading frames (10) . The core deletion, however, did not overlap with the polyadenilation signal , direct repeat 1 (1824-1834), the polymerase gene (2307-1623), or the X-gene (1374-1838). Recently, the RNA packaging signal has been reported as another cis-acting element which extends over the pre-C and core gene (11) . Although pHBC3314 lacks 269 bp of Cgene, and I0-bp overlaps with 3' terminal of the packaging signal, no other core deletions overlapped with it.
HBcAg and HBeAg are considered major target antigens for T cell-mediated hepatocellular damage in patients with chronic HBV infection (5, 12) . However, factors that determine the immunological response to viral products are not fully understood (13). Also, the short C-genes detected in this study must be tested to see whether they affect the pathogenesis of hepatocellular injury in chronic hepatitis or are actually the result of immunological pressure.
If these short C-gene mutants are translated in infected cells, a shortened HBcAg or HBeAg will be produced. In fact, all deletions obtained in case B IO were in multiples ofthree, as "in-frame" deletions. The expected HBcAg or HBeAg should have had deletions of amino acids located within 63-132 amino acids from the amino terminus of HBcAg. This region contains hydrophilic sites, which may act as antibody binding sites (14, 15) , and may represent a helper T cell epitope (16) . The loss of these epitopes could affect the binding of antigen and antibody. The CTL epitopes against HBcAg and HBeAg have not yet been precisely determined, but they could be located close to antibody binding sites since anti-HBc and antiHBe inhibit the CTL response in vitro (5, 12) . Thus, an alteration or deletion of the binding sites of an antibody and degraded fragments of viral proteins such as a deletion mutant-derived antigen not detectable serologically may change the activities of CTL targeting both antigens present on HBV infected hepatocytes in vivo (17) (18) (19) .
The heterogeneity of HBV DNA in chronic carriers has been reported by others (20-22). We also found a variety ofthe C-gene variants in the sera of two chronic carriers. Because Taq-polymerase does not have proofreading activity, it is possible that base-pair changes in obtained clones may include artifacts introduced at an early stage of the amplification process (23, 24) . To minimize errors caused by Taq-polymerase during PCR, HBeAg-and DNA-P-positive sera were used as starting templates since they contained a fairly large number of HBV genomes. Variations of the nucleotide sequence were then compared within isolated clones, and consensus sequences for each clone were established. The number of the isolated clones and DNA-P levels from sera with abnormal ALT levels decreased when compared to those of sera with elevated ALT values in both patients (Table II) . During this period, some viral strains were probably cleared by the host immune responses, although others escaped from the attack and continued to produce HBeAg. However, a cause and effect relationship has not been clarified between viral mutagenesis and liver disease activity.
Deletion or insertion between the positions 1821 and 1825 in the pre-C region was observed in both patients of group C, and this mutation renders impossible the production of HBeAg. The mutation in this region was noted in anti-HBepositive patients by other investigators (2, 25 
